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ABSTRACT
On 10th September 1919 several slightly damaging earthquakes struck
the towns of  Torremendo, Jacarilla (near Alicante, SE-Spain) and others
nearby. Available magnitude estimations for the largest two events of  the
series are M = 5 approx. They were earthquakes of  moderate size and
they occurred in a region where similar magnitude earthquakes, thor-
oughly studied, occurred recently (1999 Mula; 2002 Bullas; 2005 La Paca;
2011 Lorca). This makes these events of  interest for a better definition of
the regional seismicity. We study their sources from the analysis of  the
available contemporary seismograms and related documents. A total of  23
seismograms from 9 seismic stations have been collected and digitized.
These seismograms contain records for the two main events and several
aftershocks of  the earthquake series. Finally 44 files, corresponding to 44
recorded single component records from the different events have been
processed. The events have been relocated and their magnitudes recalcu-
lated. Also, original macroseismic information for these events was re-
covered. A macroseismic evaluation of  the series has been performed.
Intensity data points have been recalculated and macroseismic location
and magnitude obtained. We conclude that these are the largest earth-
quakes occurred in the region since the beginning of  instrumental record-
ing, with Mw = 5.5 for the largest shock, and that the available data
could be compatible with a thrust mechanism related to blind faults in
the Bajo Segura region.
1. Introduction
The seismicity of  the SE region of  the Iberian
Peninsula is tied to the recent evolution of  the Betics
Cordillera and thus, to the collision of  the Euroasiatic
and Nubian plates (see Stich et al. [2010], and references
therein). The regional geology is complex and several
differentiated geological units can be defined in this
area. The Eastern Betic Cordillera includes the Eastern
Betic Shear Zone (EBSZ) and the Crevillente Fault. The
Bajo Segura Basin is located in the NE end of  the East-
ern Betic Shear Zone [Silva et al. 1993] or the Trans-
Alboran Shear Zone [De Larouzière et al. 1988]. It is
bordered by the Bajo Segura fault (south) and the Cre-
villente fault (north) (see regional setting or geody-
namic setting in Alfaro et al. [2002, 2012], Bousquet
[1979], Silva et al. [1993], among others).
The region is characterized by a moderate seis-
micity; but damaging earthquakes, causing injuries and
even deaths, as the recent Lorca earthquakes (Mw 5.1)
on 11 May 2011 [see Morales et al. 2014, Rueda et al.
2014] are not excluded. Such earthquakes are, in fact,
quite common. Among them, those occurred near
Mula (2 February 1999, Mw 4.8), Bullas (6 August 2002,
Mw 5.0) [Buforn et al. 2005] and Aledo (29 January
2005, Mw 4.8) [Benito et al. 2007, Gaspar-Escribano and
Benito 2007] are the most recent events affecting the re-
gion and object of  several studies. But we know of  other
similar events in the 20th century: Lorquí (21 March
and 3 April 1911) [Buforn et al. 2005], Jacarilla (10 Sep-
tember 1919) [Sánchez Navarro-Neumann 1919a,
1919b], Caravaca (23 June 1948) [Rey Pastor 1949] or
also another smaller event occurred near Lorca on 6
June 1977 [Mezcua et al. 1984]. The historical earth-
quake references for this region go back to one thou-
sand years. The oldest known event occurred near
Orihuela on 1048 [Bretón and Espinar 1996], and that
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occurred near Torrevieja on 21 March 1829 [Larra-
mendi 1829] was the most destructive one. There exist
also indirect evidences related to paleoliquefaction [Al-
faro et al. 1999, 2001].
From its macroseismic effects, the 1919 earthquake
is the largest one of  those occurred in the region since
instrumental records are available and previous to the
WWSSN deployment (1962 onwards). Many aftershocks
are documented and several studies on this earthquake
were published shortly after its occurrence [Sánchez
Navarro-Neumann 1919a, Sánchez Navarro-Neumann
1919b, Kindelán and Gorostizaga 1920, Inglada 1926,
Inglada 1927], but it has never been reviewed in recent
times. Most likely, its source can be associated to the ac-
tivity of  the Bajo Segura blind fault, with a well docu-
mented activity from the geological record [Taboada et
al. 1993, Alfaro et al. 2002, Alfaro et al. 2012]. The large
historical events occurred in 1048 and 1829 have been
associated to its activity. Instead, the 1919 events are the
largest earthquakes recorded there in the 20th century.
For these reasons, and to gain more insight in the pat-
terns of  regional seismicity, we decided to study again
these events from their instrumental records. Fortu-
itously, on looking for these records, we discovered a
complete contemporary report with detailed macro-
seismic information, with new information about the
main event and the aftershocks. Thus, we decided to
complete our analysis with the study of  the macroseis-
mic field of  these earthquakes.
2. The 1919 Jacarilla/Torremendo earthquake series
From the contemporary reports and news we
know that this series of  earthquakes started on 10 Sep-
tember 1919. Two main shocks occurred within 16 min
(10:40 and 10:56 GMT) and were followed by many
aftershocks (some reports say more than 12 were felt
on the first day) lasting for several weeks. This “double”
main shock pattern (two main events of  similar size oc-
curring with an interval of  hours to a few days) is not
unusual on the earthquakes of  that zone [Martínez-So-
lares et al. 2012]. The 2011 Lorca earthquake showed
this pattern as well as the 1911 Lorqui event. Also, the
large number of  felt aftershocks related to the relatively
small size of  the main events is quite common in the
region. In fact, the available catalogues for our studied
events [Galbis 1932, Munuera 1963, Mezcua and
Martínez-Solares 1983] do not agree in the number,
date and time of  aftershocks.
Short after the occurrence of  the earthquakes, sev-
eral studies and specific information were published.
«Revista Ibérica», a contemporary Spanish Journal for
Science popularization, published detailed information
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Figure 1. The lower Segura river valley geological sketch and seismicity. The main units and structural features are shown. Recent Holocene
terrains cover a large amount of  the region, but outcrops of  Pliocene terrain are present mainly on the SW part of  the region. The main ob-
served surface strike-slip faults follow an almost NW-SE trend. Instead, the thrust faults show a WSW-ENE trend. Epicenters of  earthquakes
with intensity equal or larger than VI (triangles) or magnitude equal or larger than 3.0 (dots), as consigned in the IGN online catalogue are
shown.
3on aftershock times [Datos sísmicos 1919, 1920]. Sánchez
Navarro-Neumann [1919a, 1919b] published both in-
strumental and macroseismic studies of  these earth-
quakes. Kindelán and Gorostizaga [1920] published a
macroseismic study. Inglada [1926, 1927] calculated the
depth of  the main shock from instrumental records. Fi-
nally, Rey Pastor [1943] described the occurrence of
these earthquakes on the framework of  the general ge-
ologic and seismotectonic setting of  the region as un-
derstood at that time.
3. Data collection
3.1. Instrumental data
For our study from instrumental records we
searched and collected seismograms, station bulletins
and, even in the first moment wasn’t our main objec-
tive, information about macroseismic effects for these
earthquakes. Original bulletins were collected for dif-
ferent stations; also those existing only in manuscript
form, as it is the case for TOL and EBR. Data published
in the International Seismological Summary [ISS 1924]
for these earthquakes are presented in a misleading
way. In fact, ISS totally miss these earthquakes as ana-
lyzed in the earthquake location section. A total of  23
seismograms from 9 seismic stations have been col-
lected and scanned. It is worth to note the case of  CRT,
where original seismograms were not preserved, but we
get one component through a photographic contact
preserved at the station and another was reproduced in
Sánchez Navarro-Neumann [1919b]. Table 1 shows the
collected seismograms and the assumed instrumental
constants for their processing. Besides the two main
shocks, 16 min. apart, showing almost identical records,
some aftershock records were also collected.
3.2. Macroseismic data
As already stated, on searching for seismograms
and related documents, a manuscript report compil-
ing the macroseismic effects of  the main shock and
assigned intensity values was found. The document
authors were not consigned; but it is written on pur-
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Station Instrument Components Magnification
Free period
(s)
Damping
Record speed
(mm/min)
D°
(km)
ALI
Vicentini
(1)
E-W
N-S
Z
90
84
113
2.5
2.5
0.9
-
-
-
10.0
10.0
10.0
43
ALI
Bosch-Omori
(4)
E-W
N-S
13
13
18.0
18.0
0.25
0.25
14.8
15.0
43
ALM
Vicentini
(1)
E-W
N-S
Z
90
90
85
2.4
2.4
0.9
-
-
-
10.0
10.0
10.0
198
CRT
Bifilar
(2)
E-W
N-S
60
60
10.0
10.0
0.40
0.40
10.5
10.5
263
TOL
Bosch-Omori
(2)
E-W
N-S
15
15
12.0
12.0
0.30
0.30
15.0
14.7
343
EBR
Mainka-Ebro
(3)
E-W
N-W
110
200
7.8
14.5
0.35
0.30
12.2
12.0
325
FBR
Mainka
(2)
E-W
N-S
60
50
9.0
9.0
0.40
0.40
16.2
16.2
449
PAR
Wiechert
(2)
E-W
N-S
225
225
11.0
10.7
0.40
0.40
12.6
12.6
1222
PAR Galitzin (1) Z 1330 11.7 Critical 20.3 1222
STR
Wiechert
(3)
E-W
N-W
Z
180
180
9.0
9.0
0.40
0.40
15.0
15.0
1358
DBN
Galitzin
(2)
E-W
N-S
247
247
25.0
25.0
Critical
Critical
30.0
30.0
1628
Table 1. List of  collected seismograms with the main recording characteristics of  the instruments. The numbers on brackets (column 2) show the
number of  original seismograms collected for each instrument. The last column list the distance from the station to the earthquake epicenter.
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Definitive
EMS98
Report
MCS
Galbis [1932]
MCS
Sánchez [1919a]
MCS
Agost V IV IV
Aguilas (Faro) II II II
Albatera V VI VI
Albudeite II II II
Alcantarilla IV III III
Alcazares (Los) F
Alcoy IV V V V-VI
Aledo II II II
Algorfa VII VIII VIII
Alguazas IV IV IV
Algueña F V
Alicante V-VI
Almoradi VII VIII VIII VIII
Archena II III III
Aspe V V V
Bañeres I II II
Beneixama F
Benejuzar VII VIII VIII VIII
Benferri VI VI VI
Beniel V-VI VI VI
Benijofar VI VII VII
Benimantell III III III
Bigastro VII VII
Bocanegra VII S
Callosa de Segura VI VI VI
Campello IV IV IV
Campos del Rio V V V
Cartagena IV V V-VI
Catral VI VII VII
Ceuti IV IV IV
Confrides II II IV
Las Torres de Cotillas IV IV IV (1)
Crevillente V-VI VI VI
Daya Nueva VI-VII S
Dolores VI VII VII VIII
Elche VI VI VI VI-VII
Elda III-IV III III
El Estacio (Faro) IV V V
Formentera de Segura VI-VII VIII VIII (1)
Fortuna V IV IV
Guardamar de Segura VI-VII VII VII
Granja de Rocamora VI VI VI
Guadalest IV-V IV-V V
Hondon de las Nieves V V V
Hurchillo V S
Huerta (faro del cabo de la) II II II
Jacarilla VII VIII VIII
Table 2 (continues on next page).
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Definitive
EMS98
Report
MCS
Galbis [1932]
MCS
Sánchez [1919a]
MCS
Jijona IV-V IV IV
Marquesa (La) D
Mazarron III III III
Mazarron (Faro) III III
Montanaro (Lo) VI S
Muchamiel IV IV IV
Mula II III III
Murcia III-IV (V-VI)
Novelda IV IV IV
Onteniente III III
Onil II
Orcheta II II
Orihuela V-VI VI-VII II VII
Palos (faro del cabo de) IV V V
Palma (La) S
Peceto (Lo) VII VIII
Petrel IV III III
Pilar de la Horadada V V-VI VI
Portman (faro de) IV V
Planes III-IV III
Pliego III III III
Puebla de Rocamora V VII VII
Rafal VII VIII VIII
Rebate VI S
Redovan VI VI-VII VI-VII
Relleu III III III
Ricote III III-IV III-IV
Rojales VI-VII VIII VIII VIII
San Javier V VI VI
San Miguel de Salinas VI VI VI
San Fulgencio VI-VII VII-VIII VIII
San Pedro de Pinatar VI VI VI
San Vicente IV-V IV IV
Santa Pola (faro del cabo de) IV IV IV
Santa Pola IV-V V
Tabarca (isla de) IV IV
Tercia (La) V S
Tibi IV IV IV
Torremendo VII-VIII S VIII VIII
Torre Pacheco VI VI VI
Torrevieja V-VI
Union (La) V V V
Villanueva del Segura IV IV IV
Venta del Empalme VI-VII VIII
Table 2 (continued from previous page). Available intensity data points for the main shocks. Four different sets are given. First column shows
the new evaluation from our study, in EMS98. Second column is the evaluation, in MCS scale, existing in the located manuscript report. Third
column is the dataset, in MCS, given in the catalogue of  Galbis [1932]. The fourth column is the dataset given by Sánchez Navarro-Neumann
[1919a], also in MCS scale.
pose form sheets and the assigned intensities and the
name of  the informers match those stated in the cat-
alogue of  Galbis [1932]. For these reasons, we assume
it is a copy of  the original report elaborated by a team
of  the Instituto Geográfico Nacional (IGN), com-
posed by the engineers Barandica, Inglada and Garcia
de Lomas [Galbis 1932: p. 659], which performed a
field study shortly after the events. We knew about
this survey, but the study itself  was lost and up to pres-
ent the available macroseismic information was just
the assigned intensity data points on MCS scale listed
in Galbis [1932]. Sparse macroseismic information on
the aftershock series was also collected. Some addi-
tional information about this event was found in Gar-
rido [2012].
4. Macroseismic effects evaluation
After complementing the information with those
contained in contemporary newspapers and studies, we
were able to reevaluate the intensity data points of
these earthquakes in EMS98 scale. As the two main
events occurred just 16 minutes apart and they are quite
similar in size, it has been impossible to disaggregate
their macroseismic effects. Thus, just a unique collec-
tion of  intensity data points is available for the two
main shocks. Instead, we have been able to collect dis-
tinct intensity data points for seven aftershocks. This in-
formation was unavailable up to the present and gives
a new picture of  the series of  earthquakes. Summariz-
ing, data for 91 sites affected by the two main shocks
and a total of  44 places affected by seven aftershocks
have been reevaluated. The results are presented in Ta-
bles 2 and 3 respectively. Figure 2 shows the macroseis-
mic map for the main shocks.
Another interesting point for our analysis is the
significant amount of  information on ground effects
collected for this event. Rock falls, liquefaction features
and cracks were clearly observed at that time. Also,
two observations of  terrain undulation were recorded.
Table 4 presents the available information on this sub-
ject graphically summarized on Figure 3. Moreover, an
observation of  “sea agitation” near Guardamar is ac-
counted and DBN bulletin states that the main events
were felt on board of  steamer “Karimata”, on Torre-
vieja harbor.
The fact that several witnesses of  the earthquakes
point to dust raising on the agricultural fields during
the shaking surprised us. But this last observation losses
part of  its relevance when, after a study of  the con-
temporary meteorological bulletins, we know that there
was no rain in the whole region since the end of  June
month [Resumen 1924] and, since the beginning of  the
year, the region was suffering a drought.
5. Earthquake location
From the analysis of  its macroseismic field, it is
clear that these earthquakes located in or near the
lower valley of  the Segura River, in SE Spain. This fact
is acknowledged in almost all published bulletins from
Spanish or foreign stations (CRT, FBR, STR, COI,
DBN) and this region is clearly stated in all of  them. For
this reason it is not clear how the ISS, which informa-
tion sources at that time were mainly relying on the
printed seismic bulletins from the different stations,
misses the target and converts this event in two sepa-
rate ones. The ISS [1924, pp. 125-128] groups the arrival
times of  the main earthquakes and aftershocks into two
different sets and locate them independently. From one
side, using all stations to the south of  the Pyrenees, and
assuming that COI readings are 3 min out of  time, lo-
cates an event at 41.5°N, 7.0°W in NE Portugal (even
the COI station bulletin states this is an earthquake oc-
curred in SE Spain). From another side, just with sta-
tions to the north of  the Pyrenees locates a second
event, occurring four minutes later, at 44.0°N, 2.5°E,
in the S of  France. Only the Italian bulletin repeats this
error; but as it was published after the ISS bulletin we
may assume they just copied locations of  foreign events
from ISS. Instead, later published Spanish catalogues
of  Munuera [1963] and Mezcua and Martínez-Solares
[1983], as well as the European catalogue of  Karnik
[1969], locate it properly.
We haven’t any idea how this error slide on the
ISS; but the fact is that it is still consigned in the present
database of  ISC. It is worth to point here that it is nec-
essary to be aware of  these errors (even just a few) still
existing in the present ISC catalogue related to some
“not so big” earthquakes when dealing with the data-
base. In few words, ISC catalogue still contain some
“fake” earthquakes as this term is understood when
dealing with macroseismic events.
5.1. Instrumental location
Coming back to the real location itself, and trying
to improve its quality, we grouped the readings con-
tained in ISS in proper way and check as many as pos-
sible from the contemporary bulletins. We completed
and corrected these readings with others we did our-
selves on the available seismograms (originally, ALI and
EBR bulletins, as published in Galbis [1932: pp. 303-
304], did not consigned S waves even they are quite
clear on the records). Location was performed with
Hypocenter [Lienert and Havskov 1995] under SEISAN
environment [Ottemöller et al. 2011]. Several trials,
using all available readings, or just with P-waves, or
with S-P times, etc. were performed. Our best solutions
for the two main shocks are 38.14°N, 0.62°W, 0 km
BATLLÓ ET AL.
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Place
10-sep
11:59
10-sep
14:22
11-sep
0:38
23-sep
5:15
07-oct
7:22
27-oct
14:44
05-nov
4:25:42
09-nov
8:06:14
MCS MCS MCS EMS98 EMS98 EMS98
Alicante F
Agost F F
Aguilas (Faro) III-IV
Albatera F F F
Albudeite F
Alcantarilla F
Alcoy F
Almoradi F F F IV-V IV
Aspe F
Benejuzar IV-V V V V V
Benferri F F F IV III IV
Benijofar (F) F
Bigastro IV-V F V
Callosa de Segura IV IV F III-IV IV
Cartagena F F
Cotillas F F F
Catral F F F
Crevillente F F F
Dolores F F
Elx F
Fortuna F
Granja de Rocamora F F
Hondon de las Nieves F
Jacarilla F F IV IV-V IV IV
Mazarrón F
Murcia F F F
Onteniente F F
Orihuela V V-VI V III III-IV III-IV III III-IV
Palos F
Pilar de la Horadada F
Pobla de Rocamora F
Portman F
Rafal F III-IV II-III IV IV
Rebate F F
Redovan F F III F F
Rojales VI VII V IV V III V V
San Miguel de Salinas F F IV-V IV IV
San Felipe Neri F
San Fulgencio (F) ? III-IV III-IV
San Pedro de Pinatar F F IV IV
Santa Pola F F
Tabarca F
Tibi F
Torremendo F IV-V F IV-V
Torrepacheco F F
Table 3. Intensity data points for eight main aftershocks. Those in EMS98 scale were reevaluated in this article. For those in MCS scale we
haven’t assembled enough data to confidently reevaluate the intensity data points and we keep those intensities stated in the collected man-
uscript documents. F states for felt, without intensity degree assignation.
depth (rms = 5.0s) and 37.91°N, 0.74°W, 7.3 km depth
(rms = 4.3s) respectively. They are fully compatible
with our macroseismic knowledge but they show large
errors. Figure 4 shows the ellipse errors obtained with
Hypocenter for the two main events. The mean hori-
zontal uncertainty of  the locations is larger than 50 km.
As a result, instrumental relocations, even consistent
with what is known, do not allow a better constrain of
the epicentral zone.
There are some reasons for the large errors found
in this case. The first one, common to all events of  that
time, is the poor time accuracy of  the station clocks. An-
other reason, directly related to this event, is that many P-
waves arrivals were discarded because of  their really
emergent character. This introduces large errors on the
readings at all stations located more than 3° farther
away from the epicentral zone. Finally, records for most
Spanish stations, specifically those located nearest to the
earthquake (ALI, ALM, MAL and TOL), were obtained
with Bosch-Omori and Vicentini seismographs types.
The minute time marking of  these instruments was, at
that time, superposed on the ground motion record
with an independent stylus introducing parallaxes hard
to correct that translate to the bulletins.
5.2. Macroseismic location
The evaluated set of  macroseismic data points al-
lowed us to calculate independently an estimate for the
epicenter. Macroseismic location and magnitude were
determined using two different algorithms, BOXER
[Gasperini et al. 1999] and Bakun and Wentworth [1997].
In both cases we used attenuation laws calculated for
the Iberian Peninsula [Stucchi et al. 2010].
As stated, it is not possible to disentangle the effects
of  the two main shocks and just one location is obtained.
The Boxer algorithm locates epicenter at 38.06 N, 0.86 W,
±6.0 km, with magnitude M = 4.9±0.2, the Bakun and
Wentworth algorithm gives 38.06 N, 0.80 W, and M =
4.8±0.1. Shallow depth is assumed in both algorithms.
Boxer locates slightly to the W of  Bakun’s solution, but
the results basically agree among them, also in magni-
tude values, and they are quite similar to the solution
consigned in the Mezcua and Martinez Solares cata-
logue [1983] - 38.083 N, 0.833 W - due to Inglada [1926],
or Mezcua et al. [2013] as shown in Figure 4 (left).
6. The series of aftershocks
As stated, the two main shocks were followed by
many aftershocks; but different catalogues show dis-
BATLLÓ ET AL.
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Figure 2. Macroseismic intensity map for the main events. As these events occurred just 18 minutes apart, it is impossible to disentangle their
macroseismic effects and the map should be look as the joint result of  both. Intensities are evaluated in EMS98.
9crepancies on the number, date and time of  these af-
tershocks. We try to elaborate a new list just with the
confirmed events. Seismograms of  the ALI seismic sta-
tion, the nearest one to the epicenter, have been fun-
damental to this purpose. Awfully, ALI was located
inside Alicante city and large cultural noise is affecting
the Vicentini records, the best suited for the recording
of  small aftershocks, masking the presence of  some of
these small events. Also, seismograms for a few days of
the period under study are missing.
From our analysis of  the available original records,
we confirm that bulletin picks from ALI station, pub-
lished in Galbis [1932], contain all events we were able
to identify on them. For this reason, we also assume as
true events those contained in the ALI bulletins and for
which seismograms are not available anymore.
Moreover, as it is still common on earthquakes
of  that time, not all the confirmed aftershocks were
instrumentally recorded. On the studied macroseis-
mic documentation about the earthquake three lists
of  felt aftershocks, written by three independent au-
thors living at different places in the epicentral zone
THE AUTUMN 1919 TORREMENDO ( JACARILLA) EARTHQUAKE SERIES (SE SPAIN)
Place Ground cracks
Water spills
in ditches
and rivers
Water
changes
in wells
Sandspots
Rock
fallings
Trees
Crop
fields
Albatera Yes
Algorfa Near the river Yes
Benejuzar Near the river Yes Yes
Palms
shake
Ondulations
Beniel Waves on river
Benijofar Yes Yes
Bocanegra Yes
Catral Yes
Elche Yes
Formentera de Segura Many Yes Like palms
Fortuna
Guardamar de Segura
Orchards and
beaches
Granja de Rocamora Some
Some trees
fall 
Jacarilla Yes Waves on river
On river
margins
Peceto (Lo)
Many (10-15 cm × 15-20 m)
NE-SW (some at right an-
gles). Some 100m.
Ridges and
furrows lev-
eled 
Rafal Spills
Rebate Ground cracks of  10 m NE Trees shake
Rojales
Ground cracks of  2-5 m
near river. NW-SE. 
Yes Yes
Ground
waves
San Fulgencio Water spills
Torremendo
One of  100 m × 40-50 cm,
1 m deep. Many of  10-15 m
NE-SW, some at right an-
gles. Some on the side road.
Ridges and
furrows lev-
eled. Foot-
steps erased
Torre Pacheco Yes
Venta del Empalme
Ridges and
furrows
leveled
Table 4. The different kinds of  the observed terrain and environmental effects and places where they were observed.
(A. Martínez in Torremendo, G. Baches in Rojales and
J. Andreu in Orihuela), are available. Timing of  the af-
tershocks is a problem because, even Spanish adminis-
tration adopted GMT already in 1901, by 1919 we found
that the countryside was still using the local solar time
with low precision (clocks and watches were not com-
mon among the peasants). But, for us, the list of  felt af-
tershocks at Rojales, compiled by G. Baches, and those
felt at Orihuela, compiled by J. Andreu, are of  great in-
terest because, even showing differences in absolute
timing, they show coherency among them and with the
records of  the ALI station. For this reason we also as-
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Figure 3. Observed terrain and environmental effects. As stated in Figure 2, this map shows the cumulative effects of  the two main events
occurred 18 minutes apart. See Table 4 for more detailed explanation.
Figure 4. Instrumental location of  the two main events (black dots) and error ellipses obtained with Hypocenter. Left: the 10:40 event; right:
the 10:56 event. On the left figure are also shown the previous locations by Mezcua and Martínez Solares [1983] - grey cross - and Mezcua et
al. [2013] - grey x -, also our location using Boxer - black cross - and Bakun and Wentworth - black x - methods.
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sume the events recorded in these lists as true.
Table 5 shows the assembled list of  aftershocks.
They extend at least up to November. The timing of
the events in the new list can be considered accurate up
to the minute for those recorded instrumentally (among
them, a new one in the coda of  the second main even
clearly identified in the seismograms of  ALI station)
and up to 10 minutes for those just felt.
We see that some events are recorded just instru-
mentally (ex. the four aftershocks on 22 September).
Instead, aftershocks widely felt (23 September or 7 Oc-
tober) were not recorded. As the last two occurred be-
fore or around daybreak, it is quite probable people at
rest were prone to feel them.
7. Magnitudes and focal mechanism
We are interested in the focal mechanism of  these
earthquakes. For this reason seismograms were digi-
tized and inverted following the procedures described
in previous studies of  other Iberian earthquakes [Stich
et al. 2003, Stich et al. 2005, Batlló et al. 2008, Batlló et al.
2010]. A total of  44 files, corresponding to 44 recorded
single components from the different events (32 for the
two main events and 12 for the aftershocks) have been
processed. Awfully, in this case the energy contained in
the digitized seismograms is too small to allow for any
stable result from the inversion of  the waveforms. For this
reason, we decided to obtain just a direct estimate of  the
scalar seismic moment and Mw magnitude using the
THE AUTUMN 1919 TORREMENDO ( JACARILLA) EARTHQUAKE SERIES (SE SPAIN)
Day Time Inst a/o Mac Felt at
1919:09:10 10:40:46 I & M See Table 2
1919:09:10 10:56:57 I & M See Table 2
1919:09:10 10:57:30 I Recorded at ALI
1919:09:10 11:07:36 I & M Orihuela
1919:09:10 11:59:14 I & M See Table 3
1919:09:10 14:22:42 I & M See Table 3
1919:09:10 15:49:56 I & M Orihuela, Rojales
1919:09:10 15:51:58 I Recorded at ALI
1919:09:11 0:38:34 I & M See Table 3
1919:09:11 5:20:39 I & M Orihuela
1919:09:11 14:25:-- M Orihuela, Rojales
1919:09:11 22:20:-- M Orihuela, Rojales
1919:09:15 6:37:03 I Doubtful
1919:09:22 8:36:29 I Doubtful
1919:09:22 10:38:21 I Doubtful
1919:09:22 10:48:54 I Doubtful
1919:09:22 18:09:25 I Doubtful
1919:09:23 05:15:-- M See Table 3
1919:09:25 20:30:-- M Torremendo
1919:10:07 07:17:-- M Rojales, Torremendo
1919:10:09 8:09:02 I & M Rojales, Callosa
1919:10:09 9:01:29 I Recorded at ALI
1919:10:27 13:31:21 I & M Orihuela, Torremendo
1919:10:27 14:44:14 I & M See Table 3
1919:11:03 17:37:11 I Doubtful
1919:11:05 4:25:42 I & M See Table 3
1919:11:09 8:06:14 I & M See Table 3
1919:11:20 14:31:13 I Doubtful
Table 5. Series of  confirmed aftershocks. Third column states if  the aftershock was instrumentally recorded (I), just felt (M) of  both. Fourth
column states places where it was felt or redirects to Table 3.
methodology described in Dineva et al. [2002]. Figure
5 shows an example of  a digitized seismogram from
station CRT and the calculated P and S-wave spectra.
As S-waves are clearer on the records than P-waves,
we used them to calculate the size of  the main events.
Both are quite similar in magnitude. We obtained seis-
mic moments of  Mo = 2.1 × 1017 Nm and 1.3 × 1017
Nm and Mw = 5.48 ± 0.21 and Mw = 5.28 ± 0.26 for
the 10:40 and 10:56 events using 5 (CRT, TOL, PAR,
STR, DBN) and 6 (CRT, TOL, EBR, PAR, STR, DBN)
stations respectively. ALI records were not used be-
cause, as station locates less than 50 km far away from
the epicenter, the records, obtained with the Bosch-
Omori instruments, show problems related to the me-
chanical recording system.
We try also to calculate the magnitude of  some af-
tershocks. As already explained, records of  ALI do not
seem suitable to use in this case. But the records of  PAR
vertical and DBN horizontal Galitzin seismographs for
10 September 1919 recorded nicely the surface waves
of  the two main events and of  some aftershocks oc-
curred on the first day. Assuming same location and
focal mechanism for all of  them, the differences in sur-
face waves amplitudes should be related just to the dif-
ferent size of  the events. Scaling the records with
respect to the first main event (as shown in Figure 6),
confirm the similarity of  recorded waves. Using a win-
dow of  60 s around the maximum recorded amplitude
and applying a L2 norm to calculate relative amplitudes
we obtained magnitudes of  Mw 4.0 for the event at
11:59 and Mw 4.4 for the 14:22 aftershock, both oc-
curred on 10 September.
8. Discussion and conclusions
We reanalyzed the 1919 SE Spain events from orig-
inal instrumental and macroseismic records. First con-
cern is about the nearest place to the earthquake. Up
to now these events where known as “Jacarilla earth-
quakes”. Our macroseismic analysis points to maximum
observed effects near the small village of  Torremendo,
7 km to the S of  Jacarilla, a little bit out of  the Segura
river valley and in a less populated area. Also, all calcu-
lated locations, instrumental and macroseismic, points to
BATLLÓ ET AL.
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Figure 5. Digitized seismograms of  the first main shock, occurred at 10:40, as recorded on the Bifilar pendulums at CRT seismic station and
seismic moment calculation for P and S waves. At the top, the dark blue and red parts of  the seismogram show the selected fragments of  P
and S waves for spectra calculation on the N-S and E-W digitized components respectively. At the bottom the Brune’ model fitting of  each
spectrum is shown.
Figure 6. Digitized records of  the surface wave trains of  the two
main events (10:40 and 10:56) and two aftershocks (11:59 and 14:22)
recorded on the vertical component of  the Galitzin instrument at
PAR station. Multiplying the amplitude of  each record times the
factor shown in the figure to equalize the maximum peak, it is easy
to see the similarity of  surface wave trains for the four records.
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an epicenter slightly to the SE of  the actually consigned
place. These results are also in agreement with the recent
results of  Mezcua et al. [2013]. For this reason, and fol-
lowing the policy of IGN on naming the earthquakes from
the nearest town to their epicenter, these events should be
better known as the “Torremendo earthquakes”.
We assigned a maximum intensity degree of  VII-
VIII EMS98 for the main events. Intensity degree assig-
nation is not an analytical operation and depends on
many factors (the evaluator among them) as has been
discussed by Musson et al. [2010]. In our case, we can
also agree with a maximum intensity about VIII. The
field undulations seen during the earthquakes may
point in this direction as ESI 2007 [Michetti et al. 2007]
scale associates them with that degree. Anyway, as the
population density in the epicentral area was not high,
the statistical assignation of  an intensity degree shows
less confident.
About the size of  the main events, the magnitude
determinations from instrumental records confirm
them as the largest earthquakes occurred in the East-
ern Betic Cordillera in the 20th-21st centuries (Mw =
5.5 ± 0.2 and 5.3 ± 0.3 respectively). Magnitude deter-
mination with macroseismic methods cannot separate,
in this case, the two main events and, more important,
gives a smaller size (M = 4.9 ± 0.2). Instead Mezcua et
al. [2013] obtained M = 5.2 ± 0.3 with different attenu-
ation law and 59 intensity data points. The differences
between instrumental and macroseismic calculations
are large and we investigated possible causes. 
First, we tested the possible changes in magnitude
when using different sets of  macroseismic data points
and different macroseismic attenuation laws. We com-
pared the results obtained when, instead of  our new
macroseismic database on EMS98 values, we use the
old dataset extracted from Galbis [1932], with just 65
intensity points in MCS scale. No conversion was ap-
plied to these intensity degrees and they were used as
presented in column four of  Table 2. Also, to test de-
pendence with different attenuations and location
methods, we used, for Bakun and Wentworth, the pre-
vious datasets with the Iberian attenuation laws used
by Stucchi et al. [2010] and Mezcua et al. [2004, 2013].
We also tested the same datasets with BOXER and the
Italian and Iberian attenuations [Stucchi et al. 2010].
Italian attenuation is used because it is given as “de-
fault” on the downloaded pack and it has been widely
used in different regions when better information is not
available. Table 6 summarizes the obtained results and
Figure 7 shows the epicentral locations obtained for
each case. As expected, epicentral location depends
mainly on the used dataset and magnitude depends
mainly on the attenuation law adopted. All macroseis-
mic locations fall into an area of  9 km times 4 km, con-
firming the adopted location. For Bakun and Wentworth
method, magnitude is 0.2/0.3 units larger when using
the Mezcua et al. [2004], more attenuating law. Using
the Boxer algorithm, magnitude shows 0.4 units larger
THE AUTUMN 1919 TORREMENDO ( JACARILLA) EARTHQUAKE SERIES (SE SPAIN)
Epi. Dataset Method Attenuation Lat. Lon. Mag.
1 EMS98 B & W NA4 Iberia 38.06 -0.80 4.8±0.1
2 Galbis B & W NA4 Iberia 38.07 -0.77 4.8±0.1
3 EMS98 B & W Mezcua et al. 38.06 -0.81 5.0±0.1
4 Galbis B & W Mezcua et al. 38.07 -0.77 5.1±0.1
5 EMS98 Boxer NA4 Iberia 38.06 -0.86 4.8±0.1
6 Galbis Boxer NA4 Italia 38.09 -0.80 5.3±0.2
7 EMS98 Boxer NA4 Italia 38.06 -0.86 4.9±0.2
8 Galbis Boxer NA4 Iberia 38.09 -0.80 4.9±0.2
Table 6. Macroseismic location and magnitude of  the main shocks using different intensity dataset and macroseismic attenuation equations.
Figure 7 shows the different locations for the different cases. See discussion for details.
Figure 7. Macroseismic location (starts) of  the main shocks using
different intensity dataset and macroseismic attenuation equations
as consigned in Table 6. Numbers as stated in the first column of  the
table. See discussion for details.
(and near the instrumentally calculated one) when
using the more attenuating Italian parameters and Gal-
bis [1932] dataset.
To complete our test, we calculate the magnitude
from the relation between M and Imax available from
the Boxer algorithm. They are M = 2.080 + 0.465 Imax
and M = 0.937 + 0.561 Imax for the Iberian and Italian
attenuations respectively. Considering an Imax value of
VII-VIII we obtain M = 5.6 and M = 5.2 respectively,
with v = 0.4. In both cases we see as the M-Imax rela-
tions give larger values than using datasets. 
Summarizing, using different datasets of  intensity
points we obtain similar results, with magnitudes in the
order of  half  degree lower than the instrumental ones.
Instead, Imax-M relations used basically agree with these
instrumental results. We haven’t any explanation for
this fact. Maybe the local attenuation is quite different
(much stronger) than assumed, or corrections for in-
tensity due to local geology should be applied; but we
haven’t either any information about such phenomena
in the region.
About the focal mechanism, it has been said that in-
version of  waveforms cannot resolve the problem. Also,
it is not possible to use polarities due to the emergent
character and bad azimuth coverage of  the available seis-
mograms. Instead, some insight can be acquainted from
ground cracks. We recover information about ground
cracks produced at ten different places (Table 4). Most
of  them grouped in places near the river Segura and the
information (scarce) is that they were parallel to the river
banks, as expected. Just at Rojales, cracks in NW-SE di-
rection, almost perpendicular to the river, were ob-
served. But, due to the high sinuosity of  the Segura River
and its distance to the epicenter this data is not signifi-
cant. Instead, we collect data from three places in hilly
(and drier) terrain in the epicentral area (Torremendo,
Rebate and Lo Peceto). On the three places the main
cracks are trending mainly in NE-SW direction with
smaller ones at right angles (Figure 3 and Table 4). The
trend of  the main cracks is the same of  the anticlinal fold
axes conforming this region and the cracks lie almost at
the top of  the main one, the Torremendo anticline [Al-
faro et al. 2002]. Such pattern is compatible with a thrust
mechanism at the Bajo Segura blind fault; and also with
our knowledge about the regional stress state and neo-
tectonics and with available focal mechanism for recent
smaller earthquakes [Stich et al. 2010].
We improved the macroseismic information about
the main shocks and the series of  aftershocks. Now, the
character of  the series of  felt aftershocks is much better
known. We revised and completed the macroseismic
field of  the two main shocks. Also, 16 felt aftershock and
10 events just instrumentally detected were confirmed.
The whole series lasted for a period of  almost 10 weeks.
The number and size of  the series of  felt aftershocks is
quite similar to those of  recent and well studied events
in the region, pointing to its completeness (this is, we
assume our present record keep memory of  all felt af-
tershocks). Also, looking at the maximum intensity of
the widely felt, but instrumentally unrecorded after-
shocks, and from the Imax-Mw relations already used,
we deduce that the instrumental threshold detection for
these earthquakes at that time should be slightly less
than magnitude Mw = 4. This is an important result be-
cause it can be extrapolated, at least, to the whole SE of
the Iberian Peninsula up to 1925, when seismographs at
the nearest stations (ALI and ALM) were updated, and
this result is giving a threshold for the completeness of
the regional instrumental seismicity record.
Summarizing, we reviewed and studied the 1919
Torremendo earthquake series from its original instru-
mental and macroseismic records. We confirm them as
the largest earthquakes occurred in that region since in-
strumental records are available, with magnitude
around Mw = 5.5 for the main shock and epicenter to
the S of  the lower Segura valley. Observed environ-
mental effects are compatible with a possible thrust
mechanism with pressure axis in NW-SE direction. The
study of  the aftershock series gives important clues for
the knowledge of  earthquake detectability in SE Spain
in the first quarter of  the 20th century.
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